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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an integrated semiconductor 
light-emitting device capable of emitting lights with different wave 
lengths and forming compactly, by providing a plurality types of 
semiconductor light-emitting elements with different light-emitting 
wave lengths on the same substrate. 

SOLUTION: An AIGaAs based semiconductor laser LD1 with light- 
emitting wave length of 700 nm band and an AIGalnP based 
semiconductor laser with light-emitting wave length of 600 nm band 
are integrated apart on the same n-type GaAs substrate. In the 
semiconductor laser LD1, an n-type buffer layer 1 1, an n-type clad 
layer 12, an activation layer 13 with a single quantum well structure 
or a multiple quantum well structure, a p-type clad layer 1 4, and a p- 
type gap layer 1 5, are laminated in sequence on the substrate 1 . In 
the semiconductor laser LD2, an n-type buffer layer 21, an n-type 
clad layer 22, an activation layer 23 with a single quantum well 
structure or a multiple quantum well structure, a p-type clad layer 24, 
a p-type intermediate layer 25, and a p-type gap layer, are laminated 
in sequence on the substrate 1. 
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S«l±tc. «^x«MOCV Office J: m«8 0 0 
•CgKtD^SSR-C. nS!Ga A s>'^«^7tB1 1 . n 
^A 1 G a A s ^ ^ KJl 1 2 . rSttg 13. p SA 1 
GaAs ^"^^y KJi 1 AidJ^ZJ^pmGsiAs^ir -jy'm 

[0 04 4 ] yccc. ^x.&^CVDffitCj:0 pMGaA s 

t(D^m 3 1 L /tl^. C CD«^^]^ 3 1 ^ X ^ 

> y J: 0 ^^:^i^«:5io'-5BFfS*i<Dx h ^ >r y'lmic 
[0 045] ;^tc, ^ 1 1 tcTj^TJ: ^ cc. mmms i ^ 

ffi^^^x -:; hx^:.^>^ffi^Cj:t) pMGa A s^i^ 
@1 5. pSA IGaAsiJ?^^; FJ114. r£14Jl 1 

3. nMA 1 Ga A s > KH 1 2*5<tCfnS[Ga A 
s >'^' :7 T H 1 1 ^iHI^^X ^> i^-r-So 

[0 04 6] ^X^. ai 2tcS^-rcl:'5tC. ffi^M3 1^ 

^> :5^CC<J: 0 Sffl L/C n MG a A s 1 CO^ffitC n Sa 
Ga As>'^'«>^:7TJ12 1. nMA I G a I n P ^ K 
112 2. ffi14jl2 3. pMA 1 Ga I nP^^-:. KJi2 

4. pMGa I nPct3PaB2 5*J<fcc;^pMGaAs^i' 

[0 04 7 ] <X(^C. I6MM3 l*X';.^>y^ib/c 
f^. mtfCVDffitcJ:«9pSGaAs^t->:7-jll 5 

fcj:0'p§2GaAs + i":;y]12 6(D^®tcmtiS i 

mmm^'7:^^tLXp^A l GaA s •> PHl 4 
^ocfcO'p^A \ Ga \ nP^'y-j FH 2 4 <7>/?$:^fS]CD 
j^^toag^^-Cx-y^vy-r^CitCcfctl. 013CC^ 
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•Tcfc^CC, pMA 1 Ga A s KH 1 4<7)±gp:teJ: 

C/pMGa As^-f y-ym 1 5 h ^ ^ y'nW^dC^^^ 
-:^>d^-r Si p^A 1 Ga I nP^^-:. KJS 

24<D±g|5. p^Ga I n Pc|3r9lJi2 54dJ:0'pMGa 
A s =^-1- •;;::^li2 h^-f :/Jg^X4C>'^•^-:r.>>^•r 

:/gP<DMffl«a>S|5^CC . «*ie<jCC n MG a A s mSS!*^^ 
16. 2 7i^C'5nStGaAsB3 2«rStR^SSl±r 

[0 04 8] :XtC, S14tC^rJ:5CC. pSGaAs 10 
+ 1- -y:7'Jil 5. 2 6fej:0'nSGa AsJ13 2(D:^M 
CCfi^^«S i Oz JS-t^S i Nffi3^j:i(D,«j»ig3 3^0^ 
C(D««tM3 3*x«:;^>ytCj:03f«:fr|SjCC 

>^W:^^x.v hx-^^>^^iffi{C<J:0 nSGaA s®3 
2. p^A I Ga I nP^^^:; K®2 4. rSffil 2 3 . 
nMA 1 Ga I nP^57^.;, Kjl2 Z^JiZJ^nMGaA s 
/'«:;:7tB2 1 ^Mi^Xx >^>i/*rSo 20 
[0 05 0] '.X^c. m 1 6 ^cmrj;: ^ tc. ^x.«^^ 
xfar^^V- (MBE) m^^^. m?L\t2 8 O'CfiS 
©i?KSaK-C. J^JS3 3*-7X^<tU-C. nMGaA 
s^^'::»:7TJ14 1 . n n S e >'n' :7 r ^ 4 2 , n 
ZnSS e>'^*^>:7Tll43. n n Mg S S e ^ 5^ 
KJ14 4. nMZnSSe7fe*i^ll4 5. fSffil4 6. 
pMZnSSe3eai?S)14 7. pMZnMgSSe^^ 
!:»Fjl4 8. pMZ n SS e^^-f ^:7*®4 9. p^Zn 
Sen>^^Hi50. p^ZnTe/ZnSeMQW 
B5 l*5j:a^pSZnTen>t$?>7h@52%»X^S 30 

[005 1 ];>CCC. y V^5:7 ^-tcj:*:), pStfZnT 
en>^^hji5 2m©g|55}^oaffi^St^ p 

^ZnTeri>^>7 hll5 2±(c^S:^fS]k:5i?:/S^S 

tC. CCDUi^X F>rN':S?^>:g:VXd7<i:br pMZ n S S 
e + i- •;/-7*ll4 9(Dff$:^f^CDi^*(Dgil$*-Ox -:^ h 
X':;5^>^ffiCCi:0 J^->'^>^-r6C<t(cj:0. pMZ 
nSSe + i'*:^:7*J14 90D±SB, pigZnSen>^>? 40 
h®50. pMZnTe/Zn S eMQWjfS 1 *5cl:^' 
pMZnTen>:^^ hll 5 2 h :7-jfjyetcys^ 

[0 05 2 ] ;^tC. CCr)X'>^>y^fla(,i/cUv^X h>'^' 

[0 05 3] ^Xtc. ffiiSK3 3^x^^^>5/^*U:rc 50 
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f^. SI 8R:^TJ:^tc. ^l<D^?f5.^cb|5]*iCCL 

y:7 h^>r-^tc<J:0. A i GaA s3SiH^{*U-lf 
LD l(D«?llx.«T i/P t/Au^c7)J:^^cpffliMSg 
17. A 1 Ga I n P3^4^^i*U-1f L D 2 CD^!lx.«T 
i/P t/AumS(D<i:e>;^j:pfflijm@2 8. ZnSe^^ 
^zI<*U-1f L D 3 <Dm«P d /P t /A u^ffiO J: 
^apfl|iMS5 4*?KfiE'r'S. 
[0 05 4] 0 1 9 tc^-r J: ^ ^C. p fSJSS 1 
7. 28. 5 4(DPacDg|i^J'tCfct:f6pMZnTea>i^ 
^7Hi52. pMZnTe/Zn SeMQWIiS 1. p 
SZnS e:3>:$r^ hJiS 0. p^^Z nS S v V 

J149. pMZnMgSSei^^':; Kii48. pSZn 
SSe3t«jfeJ147. ffittB46. nSZnSSe^fe* 
i^45. nMZnMgSSei^^':/ Kli44. nSZ 
nSS e^^vV rMA^. nMZ n S e v'n' :7 t J14 2 
i5J:(>'nMGa As>'^'t;7T^i4 1 ^ x 5^ > ^^*-r 

So 

[005 5] ;j^^c. nSG a A s 1 (DSMCCt^^tf 
K^^a^^■^X>'^• ^ y > ^i^iCct 0 A u G e/N i M 
I n M^ff^liR-rS C i J: 0 n ffliMS 2 9 ^^K^f 

So 

[005 6] ;^ic. ±ili<D<J;^tcLru-1f«®;0^5F^^ 
5 n/cn MG a A s a« 1 ^>'^•-t«tcMPa U rM^B^ 

[ 0 0 5 7 ] C CD^ 2 (D^M$)ggCC J: SSISM^^ft U 
-1f^gtcj:n«. ^mkm^l 0 0 nm^CDA 1 Ga 
A s 3gi{^3Sf*U-1f L D 1 tmm&ifi^ 0 0 n m^<D 
A 1 Ga I nP^^3Sf*:U-1fLD2 i^3fei^g7!)55 0 
Onm^OZn S e 3g^^flcu-'if L D 3 i^^TS C 
<!:CCJ:0. DVDfflCOU— tf^fetLrSOOnm^diS 
0 0 n m^<ha:)z:SS(DaS[g(D*>CD^mO l±J*rc 6:^^^ 

-^:7-tcu>-lf5taS<!:UT^tS'rSC<t^cJ:0. DVD. 
C D C/M D (DC ^ rticDW^ S /c^lBSa pj#g i 
S. L/;&^*>. cn6©A 1 Ga A sl^^flcU-1fLD 
K A 1 Ga I nP2^*^f$U— tfLD2*5j:0*Zn S 
el^^^flwU— ?fLD3«. PI— OnMGaAsSSl 

-i^tj— or-r^tp. c(Dfcti>. it^\:Lv^r vv'(Dfh^ 

{(.^m^hXi ttf^X^ . L/c^O^oTDVD^gtD/jN^^t* 
0SCi7&i-C#So 

[ 0 0 5 8 ] S 2 0 «C<7)^B^(D||3 ©SlSSJ^gStCJ: S 
[0 0 5 9 ] 02Otc^TJ:^«:. C(D^3©J^J©^® 



XL 

:&{i<OaSmtt(DS i CStSZjbtC. ^^i^&^^l o o n 
m^ftt. 78 0 nm) (DA 1 GaA s3S*z»f*U 
-IfLDli. ^^m^SOOnm^ (m^iit. 6 5 
Onm) (DA 1 Ga I n PI^4^^^U-1f L D 2 <!:. ^ 
3feJftg35>UOOnm^ (mi^r. 4 1 0 n m) ©Ga N 

[0 06 0] A I GaAs.^4^2gf*U— !fLD 1 fcJrO' 
A 1 Ga I nP3g**(tU— tfLD2«. mi©j||fcjf$ 10 

[0 06 1 ] GaNJ^^(*U-1fLD4tC*>C^r«. 
S i CSffi2±CC. GaN^^'-^:7Tji6 K nMA 1 G 
aN^^ :'F;i6 2. nMG a N7fe3S»Jl 6 3 . mtf 

1 nGaN7:?^6^w:'5MQW«ig(Dfi14;i6 4. p^Ga 
Npfe^igM6 5. pSA 1 GaN^^-;^ Kll6 6fccfc!>' 
pMGaN3>d7^ h®6 7:?&5je;x^ll$n-Cl^-5o p 

m^^iN i /A ums?&^fflCiiE>n'5o 20 

[0 06 2] s icm^2<Dmm(^atnmmm2 9f)K 

CCDS i CSSl <b:t-5->'^n>:$?5^h L-C^C:r6n 
ri^€»o C(Dnffljm@2 9<bLr«. m«T i /A 1 

[0 06 3] C<DiS^. A I Ga A s2^*zS»U-1f L 
D KDpfflijmffil 7. A 1 Ga I nP3^^^^*U-ifL 
D 2 (D p mnm 2 S *JctO'G a Nl^^«^ U -if L D 4 

2 *5 <j:af H 3 ±(c^ tl^n«^/c«lt 3 nr ^ » 30 
[0064] ±m(D<^'?(fcmf&^tifcc(Dm3(Dm^m 

1 7<!:nfflijma2 9i<DratcmiJ£^SS-rc<!:tCj:DA 1 
G a A s 3^i}^2gf*U-tf L D 1 ^HSb'T'S C iT&^r^. 
pfiijm@2 8 <i: nfflijmS2 9 iOHCCllia^rSSTC itC 
ct>3 A 1 Ga I nPlfe*z»»U-1fLD2^|gWl'r'SC 

Ctf)^'C^^J:^^crj:^Xi.^^. "tLX. AlGaAs 
3Si}^«fl:b-^1fLD l*|gtt-r^CitcJ:DjS?S700 40 
nm^(^x.ti. 7 8 Onm) CDU-1f7fe^lR0ai-rc 
iT&^r^. A 1 Ga I nP3&ii^«(*U--1fLD2^|gBl 
-r^C<b{C<fcO«fg6 0 0nm^ (mi^. 650n 
m) <DU--1f:)fe^mOmTC<b;&^-C#. G a N3^^zi<* 
U--1fLD4^!igttt-^C<!:CCJ:^?gS4 0 0 n 

4 1 Onm) (DU— tf^t^BXOa-rci^&S-C 
^^Ji^tC^^cC-^ri^^o A I Ga A s,^^^<*U-tfL 
D 1 ^igi!jT^3&\ A 1 Ga I n P.^^^f*U— tfLD 
2^|gtbT^^^>^ GaN2S¥2^(*U--tfLD4^!|g«j-r 
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[0 06 5 ] ±m<DJ:^(,cmfS.$tlfcC(Dm3(D 

[0 06 6 ] ST. g|2 1 tCTn-TJr^OC. S i CSffi2 
±CC. fi?a;^5iMOCVDgECCJ:0. nSG a N^^' «^ :? r 
mei. nMA 1 GaN^^-:; KJi6 2. n^GaNife 
^iSli6 3. rSttJ16 4. pMGaN7fe2S^ll6 5. p 
MA 1 GaN^^'> KH6 6 4cJ<i:0'pMG a N:3>:5f ^ 
ha6 7^ll(i;^)5ESSl*^o CCX. In*$tf*3l(* 
Ilr4)€>r£ffil6 4CD^Saatim«7 6 O-C^lgi 
L/. I n^'^^rj:l^nmGaN^^yyrm^ I. nMA 
1 GaNd^"^-:; KH6 2. nS!G a N3t;«ig^B6 3 . p 
mGsiN^m^meS. pMA l GaN^^-:; KJ16 6 
:teJ:0'pMGaNr2>i5?^ hjl6 7CDSESSS»1 0 0 

[0 06 7] «?«^tfCVDg6K:J:D pSfGaNn 

>^iJ7 7<D^ffi^C«^JA^^S i O, M^SiNMi^cC 

^<D^m3 1 ^mj&Ltc^. c(Dmmm3 i ^ 

[0 06 8] ;j^tc. 02 2CC7STcl:5tC. *6jSM3 1^ 
ftccj:0 P§2GaNn>:$?>7 h®6 7. p^AlGaN 

^'yyi'mee. p^GaN^icsSi^e 5. ffitt^e 

4. nMGaN7fe«iS)16 3. nMA 1 G a N ^ ^ F 
B6 2:teJ:0'nSGaN^N*-^:7Tll6 l^JlH^Cx-^^^ 

[006 9] ;X^C. ^23 tC^-r J: ^ tC. ffi,«M3 1 * 
•^X^iUr. m«MOCVDffi(Cj:D. ±aiCDx-^ 
^>i5^^C<J:0SWU/cS i ca^2cD^MCCnMGa A 
sJ^yyrmi I. nMA 1 GaAs^-^*:^ Fgl 2, 
rSttJBlS. pMA 1 Ga As iS^-^-y FB 1 4*5<J:CXp 
MGaA s^i- ^;.>''jl 1 5 ^miKf&&^ii 

[0 07 0] j(fe^Jg3 1 ^x.>^>i?/^*U/c 

f^. 02 4tC7r:*rcfc^CC. m«C V D^fC J: 0 pMG 
aA s=^i-:^:7*Jil 5fccl:a^pSaGaN=i>:$'^ FJi6 

7cD:^M^cm«s i o, M-^s i NMtji^commms 
3^mfS.L. c<ommm3 3^:r,y^y^(^^K^m^:fj 

[0 07 1 ]:^XCC. 02 5icin-rJ:^>^c. CCD*e^M3 
3*vXt^<bL/TpMGaN=J>d?!5' FJ16 7. pMG 
aN7fe^igJ16 6. rSttJ165. nMGaN*zgi^6 
4. nMA 1 GaNrJ?'^ ^ F®6 3:fe<:fc^>'nMGaN>'^* 

[0 07 2] ;XCC. 02 6iC^T<fc^«:. »i|*]g3 3^ 

^>^tCcl:O^UJb/cS i C»^2<D*ffi^Cn^Ga A 
sf^:,V7m2l. nSA 1 Ga I nPt5?^-;; FJg2 
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2. r£t4ie2 3. pMA 1 Ga I n P KJe2 4 . 

P^Ga I nP*PHlJi2 b^^kl/vMG sl A s ^ -v y y' 

[0 07 3 ] ^XfC. «JtM3 3^x>>^>yi^5feU/c 
mt*CVD;Stc<fc«3pMGaAs + -i'«;^:7*®l 
5. pMGaA s + t- -^^^^BZ 6*5i:CJfpSGaN=i> 
hlS6 7(D^ffiCcm«S i O, K-?^S i NM^J:^ 

Al Ga A s KH 1 4feJ:(>'p^A 1 Ga I n P 

-r6C<htC<J:0. 02 TtCTH-Tct^ttC, pMAlGaA 
s^^ :^ K@l 4CD±g|5fc<fc!/pSGaA s 

MA 1 Ga I nP^^-:^ Ka2 4<D±gp. pMGaIn 

P^mm2 5*3j:J>'pMGaA s^^i^ ':;::^J12 h 

(CxiMGaAsW^m^mi 6. 2 7 nMGa A 20 

s Jl 3 2 -ttr SesbiAtJo 

[0 07 4] yctc. *fe,#M3 3^x.;,^>miL/t 

It. @2 8tc^-rj:^tc. mic:>mmBmtmm(iCL 

X. h:tymc^^. A I GaA s3^^2»f*U-1f 
LD l(7)«x.tfT i/P t/Aum®©<fc^»J^cpfflJ^® 
17. A 1 Ga I nPlS^^I^U— tfLD2C!:)«^^«T 
i/P t/AumScD<fc^>:cpfflijmffi2 8. GaN^g* 

mWU-VLDACOm^^tN i/Aull®(Dj:^>:cpffllJ 

[0 07 5 ] @2 96c^-rJ:^JC. pfflMSl 30 
7. 2 8(DracDa5^*5<l:?»Mmffi2 BipSGaNn 
hjl67 <bCDPalCDgB^CC*5C:fenMGaAsJ13 
2. p^A 1 Ga I nP^7^-^ Kli2 4. rif4ji2 3. 
nMA 1 Ga I nP^^ > K@2 24c5j:c;nStG a A s 

[0 076] ^>CtC. S i CS«2 CD«SCCfi?J*«*3g^, 
«ffi^y^>'^• •:/^»J>^ffiCCi:DP^^t^T i/A 1 

fiE-r^c<b^cj:0nfflms2 g^^f^^-r^o 

[0 07 7 ] ±^(DJ^ -5 or U-^lf «jg:^5I^;3c 

^n/cS i CS«2€:>'^'•-tttC^I8Lt:MftSg*SS* 40 

*jteU/cft. C(D^^-^mmLX^yZritri>o CCD 
C(Di:'!>(.CLXmhtl^U-1f^yy'^J^y^-^J> 

[0 07 8 ] c(om3(ommmi&(fCj::^mmm^mwu 

— tf^StC ^5e:S?:g?&^7 0 0 n m^(DA 1 G a 

A s 3^^^<*U— !f L D 1 i^^feiKS^^^^S 0 0 n m^CD 
A 1 Ga 1 nP^^mii^\y-VLD2 t^^m^f)^4 0 
0 n m^O G a N^^^gf* i^-^LD 4 t^m^ t 
tcj:0. DVDfflOU— !f3tiUrjgS6 0 Onm^i 50 
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VD. cD^^zjFMD(Di^'rti(on^tfcitt^mi>ojm 

tr^^. O^^h. cne)(OA 1 GaA s^*«i*U-1f 
LDK A 1 Ga 1 n P^^^ftU— !fLD2*5cfcCKG 
aN3^*^<*U--1f LD4{i. |i)-(Z)S i CSffi2±«: 

[ 0 0 7 9 ] ^ 3 0 \%c(ommw>4(Dmimw*c^^> 
[0 08 0] ^socc^-rj:^^:. c.(mArOyimj&S^ 

:^(icD«mtt(Z)S i GSK2±tc. m^iSi^ti^^ O O n 
mS^ 650nm)<DAlGaIn P^^^W 

U-1fLD2<h. |%^i«?S:;??55 0 Onm^ (mci. 5 

1 5nm) <DZnSem¥«(*U-1fLD3i. 
S:»&U0 0nm^ (mtf. 4 10nm) ©GaN^g* 
^ft^-1fLD4<!:3&^ Sl^CC^i8tU/cR®-cam$ 

[0 08 1 ] A 1 Ga I n P.^4^^»U--1f L D 2«ll 

\<ommmxm^ictnmmm:m\^. znsem 

[0 08 2] C(Dm^. A I Ga I n P^^^i$U-1f 
LD2(Dpf8iM®2 8. Z n S e 3S^®{*U-1f L D 3 
© p fiij 5 4 *J cfc O* G a N m ¥ 3H* U - 1f L D 4 CD p 

(ic^mLtcimxmif^tifc^-hiy^^Hi. h2*5 

[0 08 3] J:ai<Z) J: 5 ^ n/c C (Z)^ 4 CD^flJ 

2 8 <!: n MMmZ 9 <t CDHCcmSS^tiS-r C <!: CC J: *3 A I 
Ga I nP3^*2»«:U— !fLD2^!ig«|-r-5C<fc*st» 

# . p mmm 5 4tn mmm 22 1 cDPaiccmss^sfe-r c 

iCCj:OZnSe l^¥«f* U - 1f L D 3 ^ IgSjT ^Ct 

t^x^. pmmmGBtnf»mm2Q^<Dm(>cmm^m 

rc (btC J: 0 G a N 3^¥^f*U--1f L D 4 ^fgift-r-E) C 
c!:;&5-C;gt^J;^«:/d:-:>r(.i'E>o ^LX. A I Ga I n P 

mmmt^iy-^LD 2 ^igsji-r €> c i j: sgg 6 0 0 

nm^({^;i^^. 6 5 0 n m) (D U-1f7fe^Bi 0 ffi-T C 
i7:)5-c^. ZnSe3^¥^(*U-— !fLD3^|gijjT'5C 
t(,CJ:K>ik&b 0 0 nm^ m^U. 5 15nm)(DU 
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4 1 Onm) (Diy-^^^m.^m-rct^^T^^ J: 
ftoTl^^o A 1 Ga I nP^mm»\y-1fLD2^m 

Zn S e^4^«(*U-1fLD3^|gWl'r'5 

[0 08 4] ±^<DJ:^(^mfS.^tlfcC<Dm4(D 

[0 08 5] ^r. 03 1 CCij^TJr^tC. S i CS^2 
±CC. fi^^«MOCVD;StCj;0. nMG a N^'n' 7 r 
116 K nMA 1 GaN^-^-^ KB6 2. nMGaN3fe 
«iSll6 3. tsttse 4. pMGsiN^mmmSb. p 
SA 1 GaN^^ty KI16 6*5j:a^'pMG a Nn ^ 

iir*-Sr£1*«6 4<3r)^saKttmtf 7 6 0*CfiS<h 
I n^^^^'cCl^n^GaN/N'-;^ >'rJ16 1 . n^A 
1 GaN^^*:^ KJ16 2. nMG a NTt^jgJlS 3 . p 
SGaN3t3»iftS6 5. pSA I Ga N ^ 2^ KB6 6 20 
:foJ:^pMGaNn>^i5' hB6 7<D^SiaS«l 0 0 

0-ciiSi-rs. 

[0 08 6] ;XtC. HSHC^-Tct^^. m«CVD 
ffiCCj:D pMGaNn>^^ hg6 7(D:^®0Cfi^^tf S 

[0 08 7 ] 032 ^^fcfc -5 (fC. mmms i ^ 

ffi6cj:«3 pMGaN=i>^d^hB67. pSAlGaN 30 

4. nMGaNTfe^iSee 3. nMA 1 G a N tJ? ^ «^ K 
ee 2*5J:CXnMGaN>'^•^:7TB6 1 ^> 

[0 0 8 8];^CtC. 03 3tC7j^rJ:^tc, Jfe^M3 1 ^ 
•7Xi5^<tur. m«MOCVDj*w:j:0. ±^©x-^ 
^>i^6Cj:0Sab/cS i CS«2CD^M«:nMGa A 
s/^'';^7TB2K nSA 1 Ga I n ^ Fjl2 

2. rS14]i2 3. pMA I Ga I nP^^'> KJ12 4, 
pMGa I nPttipa«2 5*5J:i:;^pMGa A s^i- 40 
B2 6^iSiRjiSS3'M--So 

[00 8 9] ;xcc. mmms i^:t.y if f^^^ofc 

mtfCVD?S{CJ:0pMGaAs + i>-^:/ll2 6 
*s<fcO'pMGaNn>^>7 hjl6 7(Z)^ffitcm(iS i 

M^vX^<hL/-Cp^A 1 Ga I nP^^y FB 2 4 CD 
»^ 73l^<D3ic|3CDgil $ ^rx > ^ > C i cfc 0 . 
03 4CC^T<fc^tC. pSA 1 Ga I nP^^^* FB2 50 
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4CD±gB. pMGa 1 n PctirQ^J12 54c5j:0'pMGa A 

^(Dmm(o^^(,c. ^mmcc n §^g a a s ^^sj^^gji 2 

7<f::^j:&nMGaA s B3 2 ^:jlJ?M:gS-i^ra2s6iA 

[0 09 0] S3 stCTjK-ri^tc. m^^icvD 

iSCcJrO pMGaA s+'t' •:;:7'B2 6. nMGaAsB 
3 2*$ctO'pMGaNr3>^>7 hB6 7<D^ffiCcm« 

s i o, K-^^s i Nmtji^commms siim^Ltm. 
[0 09 1 ] '.x(^. 03 6K:*-ri^tc. mm^3 3i 
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